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1. General 

Air and moisture sensitive reactions were carried out in oven-dried glassware sealed with rubber septa under a 

positive pressure of dry argon. Similarly sensitive liquids and solutions were transferred via syringe. Reactions 

were stirred using Teflon-coated magnetic stir bars. Elevated temperatures were maintained using 

Thermostat-controlled silicone oil baths. Organic solutions were concentrated using a Büchi rotary evaporator 

with a desktop vacuum pump. Dioxane and synthetic reagents were purchased from Acros, Aldrich, and Alfa 

Aesar and used without further purification, unless otherwise indicated. Analytical TLC was performed with 

0.25 mm silica gel G plates with a 254 nm fluorescent indicator. The TLC plates were visualized by ultraviolet 

light and treatment with phosphomolybdic acid stain followed by gentle heating. Purification of products was 

accomplished by flash chromatography on silica gel and the purified compounds show a single spot by analytical 

TLC.  

NMR spectra were measured on Bruker ARX 400 (
1
H at 400 MHz, 

13
C at 100 MHz) nuclear magnetic 

resonance spectrometers. Data for 
1
H-NMR spectra are reported as follows: chemical shift (ppm, referenced to 

TMS; s = singlet, d = doublet, t = triplet, q = quartet, dd = doublet of doublets, dt = doublet of triplets, ddd = 

doublet of doublet of doublets, ddt = doublet of doublet of triplets, m = multiplet), coupling constant (Hz), and 

integration. Data for 
13

C-NMR are reported in terms of chemical shift (ppm) relative to residual solvent peak 

(CDCl3: 77.0 ppm). Infrared spectra were recorded on an AVATAR 330 Fourier transform spectrometer (FT-IR) 

with an OMNI sampler and are reported in wavenumbers (cm ). High-resolution mass spectra (HRMS) were 

recorded on a Bruker Apex IV FTMS mass spectrometer (ESI). Optical rotations were measured on a 

Perkin-Elmer 341 LC spectrometer. The enatiomeric excesses (ee) of the products were determined by chiral 

HPLC analysis using Aglient HP 1100 instrument. 

 

Abbreviations: 

coe = (Z)-cyclooctene 
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2. Representative Procedures for the Rh(I) catalyzed Conjugated Addition of Phenyl 

Boronic Acids to -cyclohexenone 

 

To a Schlenk flask charged with phenyl boronic acid (60.0 mg, 0.49 mmol), [Rh(coe)2Cl]2 (6.0 mg, 8.36 μmol, 

2.5 mol %), and chiral diene ligand 1a (94% ee, 7.0 mg, 20 μmol, 6.0 mol %) was added degassed dioxane (0.9 

mL) under Argon. The resulting mixture was heated to 50 ºC and stirred for 15 min, followed by addition of 

2-cyclohexenone (32.1 mg, 0.33 mmol) and aq. KOH (0.033 mmol, 0.075 M, 0.45 mL). The reaction mixture 

was stirred at room temperature for 2 h, solvent was removed under reduced pressure. The crude residue was 

purified by flash chromatography on silica gel (hexanes: ethyl acetate = 30:1, v/v) to give the conjugated 

addition product as a colorless oil (51.3 mg, 89% yield, 91% ee). 

 

Table 2, entry 1 

 

 

 

Colorless oil, [α]D
20

 = -18.9 (c 1.33, CDCl3) (91% ee) [ lit.: [α]D
23

 = -19.5 (c 0.95, CHCl3) (93% ee) for 

S-isomer ]. 1
H-NMR (400 MHz, CDCl3): 7.36-7.30 (m, 2H), 7.27-7.19 (m, 3H), 3.06-2.96 (m, 1H), 2.64-2.32 

(m, 4H), 2.19-2.05 (m, 2H), 1.92-1.71 (m, 2H). 

C.-G., Feng, Z.-Q. Wang, C. Shao, M.-H. Xu, G.-Q. Lin, Org. Lett. 2008, 10, 4101. 

 

Table 2, entry 2 

 

 

 

Colorless oil, [α]D
20

 = -17.1 (c 1.29, CDCl3) (88% ee) [ lit.: [α]D
23

 = -15.0 (c 1.09, CHCl3) (94% ee) for 

S-isomer ]. 1
H-NMR (400 MHz, CDCl3): 7.16-7.09 (m, 4H), 3.02-2.93 (m, 1H), 2.61-2.35 (m, 4H), 2.33 (s, 

3H), 2.18-2.02 (m, 2H), 1.89-1.70 (m, 2H). 

C.-G., Feng, Z.-Q. Wang, C. Shao, M.-H. Xu, G.-Q. Lin, Org. Lett. 2008, 10, 4101. 

 

Table 2, entry 3 
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Colorless oil, [α] D
20

 -18.3 (c 0.8, CDCl3) (89% ee) [ lit.: [α]D
23

 -14.2 (c 1.02, CHCl3) (92% ee) for S-isomer ]. 
1
H-NMR (400 MHz, CDCl3): 7.14 (dt, J = 8.4 and 2.0 Hz, 2H), 6.87 (dt, J = 8.4 and 2.0 Hz, 2H), 3.79 (s, 3H), 

3.01-2.91 (m, 1H), 2.60-2.31 (m, 4H), 2.17-2.02 (m, 2H), 1.87-1.69 (m, 2H). 

C.-G., Feng, Z.-Q. Wang, C. Shao, M.-H. Xu, G.-Q. Lin, Org. Lett. 2008, 10, 4101. 

 

Table 2, entry 4 

 

 
 

Colorless oil, [α] D
20

 -15.3 (c 1.18, CDCl3) (90% ee) [ lit.: [α]D
20

 +14.3 (c 1.2, CHCl3) (98% ee) for R-isomer ].
 

1
H-NMR (400 MHz, CDCl3): 7.21-7.15 (m, 2H), 7.05-6.98 (m, 2H), 3.05-2.95 (m, 1H), 2.62-2.32 (m, 4H), 

2.19-2.11 (m, 1H), 2.11-2.03 (m, 1H), 1.88-1.70 (m 2H). 

M. Pucheault, S. Darses, J. P. Genet, Eur. J. Org. Chem. 2002, 3552. 

 

Table 2, entry 5 

 

 

 

Colorless oil, [α] D
20

 -11.8 (c 1.12, CDCl3) (91% ee) [ lit.: [α]D
23

 -11.4. (c 0.95, CHCl3) (95% ee) for S-isomer ].
 

1
H-NMR (400 MHz, CDCl3): 7.59 (d, J = 8.4 Hz, 2H), 7.35 (d, J = 8.4 Hz, 2H), 3.14-3.04 (m, 1H), 2.64-2.35 

(m, 4H), 2.22-2.13 (m, 1H), 2.13-2.06 (m, 1H), 1.94-1.73 (m, 2H). 

C.-G., Feng, Z.-Q. Wang, C. Shao, M.-H. Xu, G.-Q. Lin, Org. Lett. 2008, 10, 4101. 

 

Table 2, entry 6 

 

 

 

Corlorless oil, [α] D
20

 -18.8 (c 0.97, CDCl3) (92% ee). 
1
H-NMR (400 MHz, CDCl3): 7.32 (d, J = 8.2 Hz, 2H), 

7.20 (d, J = 8.2 Hz, 2H), 4.65 (s, 2H), 3.04-2.95 (m, 1H), 2.59-2.23 (m, 5H), 2.18-2.02 (m, 2H), 1.89-1.70 (m, 

2H). 
13

C-NMR (100 MHz, CDCl3):   211.2, 143.6, 139.3, 127.3, 126.6, 64.8, 48.8, 44.4, 41.1, 32.7, 25.4. IR 
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(neat): 3676-3091(br), 2942, 2875, 1713, 1523, 1453, 1427. HRMS (ESI) calcd for C13H16NaO2 (M+Na)
+
: 

227.1043. Found: 227.1038. 

 

Table 2, entry 7 

 

 

 

Corlorless oil, [α] D
20

 -8.6 (c 1.22, CDCl3) (87% ee). 
1
H-NMR (400 MHz, CDCl3): 8.00 (d, J = 8.3 Hz, 2H), 

7.30 (d, J = 8.3 Hz, 2H), 3.91 (s, 3H), 3.12-3.03 (m, 1H), 2.64-2.35 (m, 4H), 2.21-2.06 (m, 2H), 1.93-1.73 (m, 

2H). 
13

C-NMR (100 MHz, CDCl3):   210.2, 166.7, 149.4, 130.0, 128.6, 126.6, 52.0, 48.4, 44.6, 41.0, 32.4, 

25.4. IR (neat): 3676-3091(br), 2965, 2935, 2875, 1724, 1616, 1438. HRMS (ESI) calcd for C14H16NaO3 

(M+Na)
+
: 255.0992. Found: 255.0987. 

 

Table 2, entry 8 

 

 
 

Colorless oil, [α] D
20

 -8.7 (c 1.09, CDCl3) (87% ee) [ lit.: [α]D
32

 -7.8 (c 1.02, CHCl3) (95% ee) for S-isomer ]. 
1
H-NMR (400 MHz, CDCl3): 7.94 (d, J = 8.0 Hz, 2H), 7.33 (d, J = 8.0 Hz, 2H), 3.14-3.04 (m, 1H), 2.60 (s, 

3H), 2.59-2.36 (m, 4H), 2.22-2.14 (m, 1H), 2.14-2.06 (m, 1H), 1.95-1.76 (m, 2H). 

C. Defieber, J.-F. Paquin, S. Serna, E. M. Carreira Org. Lett. 2004, 6, 3873-3876. 

 

Table 2, entry 9 

 

 

 

Colorless oil, [α] D
20

 -18.4 (c 1.03, CDCl3) (90% ee) [ lit.: [α]D
25

 -17.5 (c 1.02, CHCl3) (94% ee) for S-isomer ]. 
1
H-NMR (400 MHz, CDCl3): 7.25-7.18 (m, 1H), 7.07-6.98 (m, 3H), 3.01-2.91 (m, 1H), 2.61-2.32 (m, 4H), 

2.34 (s, 3H), 2.19-2.10 (m, 1H), 2.10-2.02 (m, 1H), 1.90-1.70 (m, 2H). 

C.-G., Feng, Z.-Q. Wang, C. Shao, M.-H. Xu, G.-Q. Lin, Org. Lett. 2008, 10, 4101. 
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Table 2, entry 10 

 

 

 

Colorless oil, [α] D
20

 -10.9 (c 1.08, CDCl3) (88% ee) [ lit.: [α]D
25

 -10.1 (c 1.05, CHCl3) (94% ee) for S-isomer ]. 
1
H-NMR (400 MHz, CDCl3): 7.29-7.19 (m, 3H), 7.12-7.08 (m, 1H), 3.04-2.93 (m, 1H), 2.62-2.32 (m, 4H), 

2.20-2.11 (m, 1H), 2.11-2.03 (m, 1H), 1.90-1.70 (m, 2H). 

C.-G., Feng, Z.-Q. Wang, C. Shao, M.-H. Xu, G.-Q. Lin, Org. Lett. 2008, 10, 4101. 

 

Table 2, entry 11 

 

 

 

Colorless oil, [α] D
20

 -35.8 (c 1.43, CDCl3) (89% ee) [ lit.: [α]D
23

 -26.5 (c 1.01, CHCl3) (69% ee) for S-isomer ].
 

1
H-NMR (400 MHz, CDCl3): 7.24-7.17 (m, 2H), 6.94 (td, J = 7.3 and 1.0 Hz, 1H), 6.87 (dd, J = 8.5 and 1.0 Hz, 

1H), 3.82 (s, 3H), 3.46-3.37 (m, 1H), 2.62-2.32 (m, 4H), 2.16-2.07 (m, 1H), 2.06-1.98 (m, 1H), 1.93-1.71 (m, 

2H). 

C.-G., Feng, Z.-Q. Wang, C. Shao, M.-H. Xu, G.-Q. Lin, Org. Lett. 2008, 10, 4101. 

 

Table 2, entry 12 

 

 

 

White solid, [α] D
20

 -71.7 (c 1.02, CDCl3) (88% ee) [ lit.: [α]D
23

 -31.7 (c 0.97, CHCl3) (52% ee) for S-isomer ].
 

1
H-NMR (400 MHz, CDCl3): 8.03 (d, J = 8.4 Hz, 1H), 7.87 (d, J = 8.8 Hz, 1H), 7.75 (d, J = 8.4 Hz, 1H), 

7.56-7.44 (m, 3H), 7.39 (d, J = 7.2 Hz, 1H), 3.91-3.80 (m, 1H), 2.81-2.39 (m, 4H), 2.29-2.13 (m, 2H), 2.06-1.85 

(m, 2H). 

C.-G., Feng, Z.-Q. Wang, C. Shao, M.-H. Xu, G.-Q. Lin, Org. Lett. 2008, 10, 4101. 
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Table 2, entry 13 

 

 

 

White solid, [α] D
20

 -8.3 (c 1.42, CDCl3) (88% ee) [ lit.: [α]D
20

 -8.3 (c 0.89, CHCl3) (99% ee) for S-isomer ].
 

1
H-NMR (400 MHz, CDCl3): 7.83-7.76 (m, 3H), 7.62 (s, 1H), 7.49-7.40 (m, 2H), 7.34 (dd, J = 8.4 and 1.1 Hz, 

1H), 3.20-3.09 (m, 1H), 2.71-2.56 (m, 2H), 2.51-2.32 (m, 2H), 2.20-2.08 (m, 2H), 1.98-1.72 (m, 2H). 

Takaya, Y.; Ogasawara, M.; Hayashi, T. Tetrahedron Lett. 1999, 40, 6957. 

 

Table 2, entry 14 

 

 
 

Colorless oil, [α] D
20

 -10.9 (c 1.05, CDCl3) (91% ee). 
1
H-NMR (400 MHz, CDCl3): 6.81 (d, J = 8.4 Hz, 1H), 

6.73 (d, J = 2.0 Hz, 1H), 6.68 (dd, J = 8.4 and 2.0 Hz, 1H), 4.24 (s, 4H), 2.95-2.83 (m, 1H), 2.59-2.29 (m, 4H), 

2.17-1.99 (m, 2H), 1.84-1.67 (m, 2H), 
13

C-NMR (100 MHz, CDCl3):   211.0, 143.4, 142.1, 137.8, 119.4, 

117.2, 115.1, 64.4, 64.3, 49.1, 44.0, 41.1 32.9, 25.4. IR (neat): 3676-3091(br), 2935, 2883, 1706, 1598, 1512, 

1464, 1438. HRMS (ESI) calcd for C14H16NaO3 (M+Na)
+
: 255.0992. Found: 255.0984. 

 

Table 2, entry 15 

 

 
 

Colorless oil, [α] D
20

 -15.5 (c 0.80, CDCl3) (89% ee). 
1
H-NMR (400 MHz, CDCl3): 6.99-6.90 (m, 3H), 3.87 (s, 

3H), 3.00-2.90 (m, 1H), 2.60-2.31 (m, 4H), 2.18-2.02 (m, 2H), 1.85-1.69 (m, 2H). 
13

C-NMR (100 MHz, CDCl3): 

  210.6, 153.5, 151.1, 146.2, 146.1, 137.4, 122.04, 122.01, 114.3, 114.1, 113.5, 56.23, 56.20, 48.9, 43.7, 41.0, 

32.7, 25.3. The redundant peaks are for the splitting of fluorine atom. IR (neat): 3676-3091(br), 2965, 2935, 

2879, 1717, 1631, 1594, 1523, 1468, 1453. HRMS (ESI) calcd for C13H15FNaO2 (M+Na)
+
: 245.0948. Found: 

245.0943. 
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Table 2, entry 16 

 

 
 

Colorless oil, [α] D
20

 -25.4 (c 0.97, CDCl3) (87% ee).
 1
H-NMR (400 MHz, CDCl3): 7.07 (d, J = 8.8 Hz, 1H), 

6.48-6.44 (m, 2H), 3.789 (s, 3H), 3.786 (s, 3H), 3.37-3.26 (m, 1H), 2.58-2.30 (m, 4H), 2.14-2.05 (m, 1H), 

2.03-1.95 (m, 1H), 1.89-1.69 (m, 2H). 
13

C-NMR (100 MHz, CDCl3):   211.6, 159.2, 157.5, 126.8, 125.0, 

103.8, 98.5, 55.2, 55.1, 47.7, 41.2, 37.5, 31.1, 25.4. IR (neat): 3676-3091(br), 3013, 2950, 2872, 2846, 1713, 

1620, 1594, 1512, 1468. HRMS (ESI) calcd for C14H18NaO3 (M+Na)
+
: 257.1148. Found: 257.1143. 

 

Table 2, entry 17 

 

 

 

Colorless oil, [α] D
20

 -82.0 (c 1.22, CDCl3) (88% ee) [ lit.: [α]D
24

 -73.8 (c 1.21, CHCl3) (80% ee) for S-isomer ].
 

1
H-NMR (400 MHz, CDCl3): 7.37-7.31 (m, 2H), 7.28-7.22 (m, 3H), 3.48-3.60 (m, 1H), 2.71-2.62 (m, 1H), 

2.51-2.40 (m, 2H), 2.39-2.24 (m, 2H), 2.05-1.93 (m, 1H). 

C.-G., Feng, Z.-Q. Wang, C. Shao, M.-H. Xu, G.-Q. Lin, Org. Lett. 2008, 10, 4101. 

 

Table 2, entry 18 

 

 
 

Colorless oil, [α] D
20

 -53.3 (c 1.30, CDCl3) (85% ee) [ lit.: [α]D
33 

+116.8 (c 0.35, CHCl3) (95% ee) for R-isomer ].
 

1
H-NMR (400 MHz, CDCl3): 7.32-7.24 (m, 2H), 7.22-7.14 (m, 3H), 2.98-2.84 (m, 2H), 2.69-2.52 (m, 3H), 

2.12-1.94 (m, 3H), 1.82-1.64 (m, 2H), 1.55-1.42 (m, 1H). 

C. Defieber, J.-F. Paquin, S. Serna, E. M. Carreira, Org. Let. 2004, 6, 3873. 
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Table 2, entry 19 

 

 

 

Colorless oil, [α] D
20

 +2.7 (c 1.32, CDCl3) (92% ee) [ lit.: [α]D
25 

+2.4 (c 1.03, CHCl3) (80% ee) for S-isomer ].
 

1
H-NMR (400 MHz, CDCl3): 7.39-7.33 (m, 2H), 7.30-7.25 (m, 1H), 7.24-7.19 (m, 2H), 4.51 (ddd, J = 11.9, 

4.9 and 4.0 Hz, 1H), 4.39 (ddd, J = 11.9, 10.3 and 4.0 Hz, 1H), 3.29-3.19 (m, 1H), 2.92 (ddd, J = 17.7, 5.9 and 

1.5 Hz, 1H), 2.63 (dd, J = 17.7 and 10.3 Hz, 1H), 2.22-2.14 (m, 1H), 2.09-1.99 (m, 1H). 

C.-G., Feng, Z.-Q. Wang, C. Shao, M.-H. Xu, G.-Q. Lin, Org. Lett. 2008, 10, 4101. 
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3.
1
H and 

13
C-NMR Spectra for New Compounds 
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4.HPLC Diagrams for Enantiomeric Purity Determination 
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5. Nonlinear Effect Study of the Standard Reaction 

 

The reactions were done following the same procedures as stated above in the representative procedures using 

chiral diene ligand 1a in different ee’s, which were determined by HPLC. After the completion of the reaction, 

the product was separated and purified by column chromatography, and the ee’s of these products were also 

determined by HPLC analysis. The ee’s of the chiral diene ligands and corresponding products were shown in 

the table below. 

 

 

ee of ligand 13% 27% 41% 56% 69% 81% 94% 100% 

ee of product 9% 21% 32% 48% 60% 70% 91% 97% 

 

These date showd there was no nonliner effect in this asymmetric addition reaction: 

y = 1.008x - 7.157
R² = 0.990
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1. The first spot 

 

(1) ee of the ligand 
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(2) ee of the product 
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2. The second spot 

 

(1) ee of the ligand 
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(2) ee of the product 
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3. The third spot 

 

(1) ee of the ligand 
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(2) ee of the product 
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4. The fourth spot 

 

(1) ee of the ligand 
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(2) ee of the product 
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5. The fifth spot 

 

(1) ee of the ligand  
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(2) ee of the product 
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6. The sixth spot 

 

(1) ee of the ligand 
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(2) ee of the product 
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7. The seventh spot 

 

(1) ee of the ligand 
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(2) ee of the product 
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8. The eighth spot 

 

(1) ee of the ligand 
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(2) ee of the product 

 

 


